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SECTION  I 


INTRODUCTION 

The  purpose  of  this  investigation  has  been  to  determine 
the  factors  involved  and  to  design  treatment  methods  for  obtaining 
greater  effectiveness  of  silicate  in  treating  hot  potable  waters 
of  varied  composition.  Corrosion  has  been  a  problem  in  large 
central  hot  domestic  water  systems  ever  since  their  inception. 
Although  properly  applied  silicate  treatment  has  provided  an 
acceptable  solution,  a  complete  understanding  of  the  technology 
involved  and  the  full  effectiveness  of  this  method  of  treatment 
have  not  been  attained.  Experience  in  the  State  of  Illinois 
institutions  (Ref.  1)  had  disclosed  that  sodium  silicate 
(8  ppm  added  silica)  treatment  applied  to  water  of  blended 
hardness  content  of  60-90  ppm  and  the  pH  adjustment  to  8.2,  were 
effective  in  controlling  the  corrosion  of  galvanized  steel  and 
copper  in  corrosive  waters.  This  study  has  been  designed  largely 
to  verify  this  conclusion  and  to  further  investigate  variables 
associated  with  the  corrosion  process  involved. 

Research  conducted  in  closed  circulatory  systems  has  not 
yielded  the  same  corrosive  conditions  experienced  in  actual  hot 
water  systems  in  which  appreciable  make-up  water  is  added 
continuously  to  the  system.  Accordingly,  this  fact  and  the  cost 
of  the  wastage  of  large  volumes  of  hot  water  were  recognized  as 
important  in  the  designing  of  the  experimental  apparatus.  The 
test  sites  and  test  equipment  were  therefore  generally  designed 
into  actual  institutional  hot  water  systems,  in  which  the  water 
and  heat  losses  were  considered  a  part  of  the  cost  of  the  opera¬ 
tion  of  the  system  and  did  not  need  to  be  considered.  It  was  ■ 
planned  to  conduct  tests  at  three  Illinois  state  institutions  and 
at  Chanute  Air  Force  Base,  Illinois. 

In  addition,  a  research  unit  in  which  chemicals  would  be 
applied  that  might  deleteriously  affect  a  large  institutional 
hot  water  system  was  necessary.  This  smaller  unit  was  designed 
so  that  results  would  be  comparable  to  the  large  institutional 
systems  and  the  water  wastage  and  heat  losses  would  be  reasonable. 
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Comparison  of  the  results  obtained  with  this  unit  and  an  institu¬ 
tional  type  test  unit  in  the  same  water  supply  was  provided  at  the 
Chanute  Air  Force  Base  and  indicated  that  equivalent  results  could 
be  obtained  with  both  units. 

Past  research  indicated  that  the  protective  deposits  in 
Eastern  waters  of  low  hardness  and  alkalinity  content  (10-50  ppm) 
are  composed  mainly  of  silica  (Ref.  2);  whereas  protective 
deposits  in  the  Midwestern  waters  of  high  hardness  (approximate 
10-170  ppm)  and  of  high  alkalinity  (200-400  ppm)  (Ref.  3)  are 
composed  mainly  of  zinc  carbonate  and  zinc  oxide. 

The  influence  of  velocity  in  the  normal  range  of  0.5-6  ft/sec 
had  not  been  studied;  also,  the  effect  of  various  water  quality 
factors  (such  as  hardness,  alkalinity,  chloride,  sulfate,  dissolved 
oxygen,  pH,  calcium  carbonate  saturation  index,  silica,  copper, 
etc.)  on  the  corrosion  of  steel,  galvanized  steel,  and  copper 
piping  required  further  study.  Primarily  the  concern  had  been 
with  corrosion  at  l40°F  (the  normal  temperature  of  domestic  hot 
water);  however,  the  corrosion  of  l80°F  water,  as  employed  for 
dishwashing  and  laundry  use,  also  required  study  since  there  was 
little  information  on  the  proper  materials  or  practices  for 
controlling  corrosion  at  this  temperature. 

The  necessity  of  studying  the  available  methods  of  determining 
the  corrosivity  of  water  at  these  temperatures  and  deciding  on  the 
best  method  was  recognized.  In  addition,  the  role  of  crevice  and 
galvanic  corrosion  in  this  corrosion  process  was  recognized  to  be 
of  importance,  and  development  of  appropriate  test  methods  was 
required . 

Past  research  has  shown  that  lengthy  tests  of  6-24  months 
were  necessary  to  differentiate  between  methods  of  treatment. 

This  meant  that  few  tests  could  he  conducted  on  the  planned 
systems  during  the  1-year  test  period  allotted.  Accordingly, 
it  was  decided  that  screening  type  tests  should  be  conducted  to 
determine  the  most  significant  tests  to  run  to  obtain  indicative 
results  within  the  year  period. 
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The  design  of  a  chemical  feeding  system,  based  on  experience 
in  the  Illinois  State  Institutions,  was  also  to  be  provided  for  a 
typical  Air  Force  installation.  This  is  presented  as  Appendix  VI. 

The  text  of  this  report  includes  a  brief  description  of  the 
test  design  and  testing  methods,  a  discussion  of  the  results  and 
recommendations  for  further  research.  Details  of  the  test  unit 
assembly  and  the  testing  methods  used  are  given  in  Appendixes 
I-V;  tables  of  data  and  illustrations  are  grouped  at  the  end  of 
the  appendix  sections. 


3 


SECTION  II 


DESIGN  OP  TESTS  AND  METHODS  OP  TESTING 
Corrosion  test  assemblies,  as  shown  in  Figures  1  and  2,  were 


located  at 

the  following  tost  sites. 

Test  site 

Location 

Temperature  (°F) 

^1  *  ^2 

Chanute  Water  Plant  (research  unit) 

140,  180 

Bl»  B2 

Chanute  Base  Exchange  (P22) 

Lincoln  State  School  Annex 

140,  180 

C1 

Delivery  to  system 

14  0 

C2 

Return  from  system 

140 

Dl»  D2 

Dwight  State  Reformatory 

140,  180 

E 

Pontiac  Penitentiary 

140 

These  test  sites  were  chosen  because  of  the  different  water 
qualities  available  at  these  locations  and  because  of  their  prox¬ 
imity  to  the  State  Water  Survey  laboratory  at  Urbana.  Specific¬ 
ally,  Chanute  was  chosen  because  it  was  an  Air  Force  facility 
having  a  hard,  blended,  and  soft  water  supply  for  testing.  The 
Lincoln  supply  was  chosen  because  cf  its  rather  high  carbon 
dioxide  and  its  reported  corrosiveness  to  copper  and  galvanized 
steel.  The  Dwight  supply  was  chosen  because  of  its  high  chloride 
and  sulfate  content  and  its  known  high  degree  of  corrosiveness 
to  metals.  The  Pontiac  supply  was  chosen  because  of  its  known 
corrosiveness  and  because  of  its  being  a  surface  water  supply 
containing  high  dissolved  oxygen. 

The  research  unit,  shown  in  Figure  2,  was  located  at  the 
Chanute  Air  Force  Base  Water  Plant  where  untreated  well  water, 
blended  water,  and  completely  softened  water  were  available  for 
testing.  This  unit  was  designed,  as  described  in  Appendix  I, 
to  provide  flow  rates,  water  usage,  and  metal  contact  similar  to 
those  in  large  Institutional  hot  water  systems. 

The  test  units  were  designed  to  include  circulatory  pumps 
in  order  that  the  effect  of  constant  low  to  high  velocities 
(0. 5-6.0  ft/sec)  could  be  studied. 


Since  weight  loss  procedures  have  received  the  most  accep¬ 
tance  in  corrosion  rate  measurement  and  since  the  laboratory  had 
had  the  most  experience  with  the  weight  loss  method  described  in 
ASTM  D2688  Method  C  (Ref.  *0,  it  was  decided  that  this  method 
should  be  the  basic  method  for  the  determination  of  the  corrosion 
rates,  as  discussed  in  Appendix  II.  Need  for  a  continuous 
instantaneous  measurement ,  such  as  the  linear  polarization  method 
described  in  ASTM  D2776  Method  B  (Ref.  5),  was  also  recognized. 
Accordingly  a  portable  tester  (Ref.  6)  was  constructed.  This 
method  was  later  shown  to  lack  correlation  with  actual  corrosion 
occurring  in  the  piping.  This  is  because  of  the  distinct  differ¬ 
ence  in  velocity  and  environment  at  the  probe  in  the  middle  of  the 
piping  and  at  the  scaled  pipe  wall.  The  portable  tester  did  serve 
a  useful  function  in  indicating  when  the  corrosion  rate  had 
decreased  to  a  steady  constant  rate,  at  which  time  the  tared 
specimens  could  be  removed  to  obtain  the  most  pertinent  infor¬ 
mation  on  the  corrosion  rate. 

Since  galvanized  pipe  had  been  reported  to  be  ncnuniform 
in  galvanizing,  the  piping  used  for  corrosion  testing  was  tested 
for  zinc  content  and  uniformity  of  coating  (Appendix  III).  Also 
a  24-inch  length  of  galvanized  piping  was  included  in  each  run 
so  that  results  could  be  compared  with  the  results  obtained  with 
the  shorter  pipe  inserts  and  probes  required  in  the  above  test 
methods . 

To  evaluate  galvanic  corrosion  between  copper  and  steel, 
test  probes  of  these  metals  were  installed  and  current  measure¬ 
ments  were  made  to  determine  the  galvanic  corrosion  rate.  In 
addition,  alternate  1-inch  length  copper  and  galvanized  steel 
inserts  were  installed  in  place  of  the  4-inch  inserts  used  in 
the  ASTM  D2688  method.  These  shorter  inserts  were  connected 
electrically  to  provide  good  contact  between  the  specimens  and  to 
ensure  a  more  accurate  galvanic  corrosion  rate. 

Crevice  corrosion  of  the  galvanized  steel  inserts  was 
evaluated  by  exposing  unpainted  steel  areas,  as  described  in 
Appendix  IV. 


5 


To  determine  the  optimum  pH  and  the  proper  preparation  of 
silicate  solutions  for  application  in  water  treatment,  screening 
tests  were  conducted  in  the  laboratory  corrosion  testing  equip¬ 
ment  (Refs.  6,7*8).  These  tests,  described  in  Appendix  V,  revealed 
that  equal  results  were  obtained  with  any  one  of  four  solutions: 
namely,  0.5  or  5.0$  solutions  of  liquid  sodium  silicate  (41°  Baume, 
28.8$  Si02,  9-2$  Na^O,  alkali-silica  ratio  1:3.22);  preparation 
by  neutralizing  the  alkalinity  with  acid  and  ageing;  or  preparation 
by  neutralizing  the  solution  by  ion  exdhange.  These  results  seem 
to  be  verified  by  a  recent  article  (Ref.  9)  which  has  disclosed 
that  activated,  partially  neutralized,  or  excessively  prediluted 
sodium  silicate  solutions  were  not  as  effective  as  fresh  and 
concentrated  preparations  in  stabilizing  iron  solutions  or  in 
providing  desired  characteristics  of  surface  absorption.  Surface 
absorption  characteristics  (Ref.  10)  are  considered  important  in 
the  inhibition  of  corrosion  of  potable  waters  by  silicates. 
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SECTION  III 


DISCUSSION  OF  RESULTS 

Because  of  the  limited  testing  time,  it  has  been  difficult 
to  develop  definite  conclusions  on  the  effectiveness  of  silicate 
in  the  different  water  supplies.  Corrosion  rates  in  distribution 
water  piping  systems  are  highly  variable  in  early  stages  and 
decrease  slowly  to  a  steady  rate.  The  normal  piping  materials 
employed  must  be  relatively  corrosion  resistant  because  of  the 
high  cost  of  installation  and  replacement. 

In  the  Illinois  State  Institutions,  piping  specimens  are 
normally  exposed  for  at  least  a  24-month  period  in  order  to  attain 
sufficient  weight  losses  for  significant  corrosion  results. 

Various  techniques  have  been  employed  to  speed  up  the  results, 
namely : 

(1)  Employing  relatively  high  rate  corrosive  waters. 

(2)  Employing  polarization  methods  of  corrosion  measurement 
in  order  to  observe  when  the  corrosion  rate  had  reached 
a  steady  state. 

(3)  Employing  steel  (the  base  metal  of  galvanized  steel  and 
a  relatively  noncorrosion-resistant  metal)  to  determine 
corrosion  results  upon  perforation  of  the  galvanizing. 

(4)  Employing  screening  corrosion  tests  in  order  to  learn 
the  most  pertinent  tests  to  conduct. 

After  the  study  was  completed,  it  was  recognized  that  all 
water  supplies  studied  were  high  in  alkalinity  (200-400  ppm)  and 
that  it  would  have  been  preferable  to  have  Included  waters  of 
lower  alkalinity  (50-200  ppm).  This  is  planned  In  Phase  II  of  the 
project  which  is  now  under  consideration  for  final  approval. 

In  using  the  computer  in  analyzing  the  test  results  when 
corrosion  inhibitors  were  not  applied,  correlation  values  of 
0.6-0.95  were  obtained  for  the  following  water  quality  and 
mechanical  factors  when  related  to  corrosion  (weight  loss)  test 
methods . 
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Water  Quality  Variables  Metals 


EPM  Chloride  +  Sulfate 

Galvanized 

Copper 

Steel, 

Steel , 

and 

Dissolved  Oxygen 

Steel 

Hardness  (as  CaCO.,) 

Galvanized 

Copper 

Steel, 

Steel , 

and 

Hydrogen  Ion 

Galvanized 

Copper 

Steel , 

Steel , 

and 

Instantaneous  Calcium  Carbonate 
Index  (Ref.  11) 

Galvanized 

Steel, 

Steel 

Velocity 

Copper 

These  results  were  not  unexpected  since  it  has  been  known  for  some 
time  that  these  variables  are  important  in  determining  the 
corrosion  rate  of  the  metals  studied. 

Further  determination  of  correlation  values  was  less  indica¬ 
tive  when  water  treatment  variables  were  included  in  the  program. 
Analyzing  the  data  in  groups  composed  of  waters  of  similar 
analysis,  velocity,  and  temperature  revealed  more  information; 
however,  the  information  desired  on  actual  causative  factors  was 
often  obscured  by  conflicting  data.  Accordingly,  careful 
tabulation  of  the  different  corrosion  rates  obtained  by  weight  loss 
(as  total  scale  and  corrosion  products,  and  tight  scale, 
specifically)  has  been  provided  along  with  the  results  of  the  water 
analyses,  the  results  of  Inspection  of  the  corrosion  specimens, 
and  observations  during  the  tests. 

It  appears  that  the  corrosion  inhibition  of  galvanized  steel 
in  silicate  treated  water  is  largely  dependent  on  the  amount  and 
uniformity  of  the  zinc  and  calcium  carbonate  scale  formed  on  the 
metal  surface.  Undoubtedly  galvanic  corrosion  is  involved  between 
the  zinc  and  the  iron,  as  well  as  the  intermediate  zinc-ircn  alloy 
layer,  since  Initial  corrosion  may  indicate  numerous  small  black 
pits,  which  apparently  do  not  penetrate  to  the  steel,  whereas  later 
the  entire  surface  may  acquire  a  gray-black  and  generally  smooth 
appearance.  Silicate-caustic  soda  treatment  is  most  effective  when 
partially  softened  water  (about  50-120  ppm  hardness)  s  employed. 
The  formation  of  zinc  carbonate,  zinc  pyrcsil icate,  ar.d  calcium 
carbonate  on  the  surface  apparently  provides  the  necessary 
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protective  layer  to  inhibit  dissolution  of  the  zinc  by  carbon 
dioxide  at  the  lower  pH  of  the  untreated  water. 

Careful  examination  of  the  data  reveals  that  liquid  silicate 
is  the  most  effective  inhibitor  of  galvanized  steel  in  high 
alkalinity  aggressive  waters,  while  less  aggressive  waters  (perhaps 
total  chloride  and  sulfate  content  below  100  ppm)  might  be 
adequately  treated  with  caustic  soda  by  raising  the  pH  to  about  8.2. 
Perhaps  the  role  of  silicate  is  in  initially  chelating  the  zinc 
(iron  in  Eastern  waters)  so  that  a  more  immediate  and  continuous 
protective  film  is  formed  in  situ  instead  of  the  immediate 
precipitation  in  the  water  or  the  development  of  a  loosely  adherent 
scale . 

Reflecting  on  the  three  metals  involved  in  this  study  of 
inhibition  by  silicate,  it  is  realized  that  the  mechanisms  of 
inhibition  may  be  entirely  different  for  each.  Whereas  galvanized 
steel  may  depend  largely  on  the  formation  of  a  protective  layer  of 
basic  zinc  carbonate  for  inhibition,  it  is  likely  the  corrosion  of 
steel  would  be  most  effectively  inhibited  by  the  formation  of  a 
tightly  adhering  oxide  film.  Copper  which  is  subject  to  erosion- 
corrosion  above  3  ft/sec  (or  lower,  at  18o°F)  may  possibly  be 
inhibited  at  reasonable  velocities  by  high  silicate  treatment  or 
by  the  formation  of  a  complete  film  of  calcium  carbonate. 

Pertinent  data  obtained  at  the  different  sites  are  revealed 
in  Tables  1-5-  Because  of  the  prescribed  short  test  periods  and 
the  required  long  periods  for  development  of  steady-state  corrosion 
rates,  some  of  the  observed  results  at  first  appeared  anomalous  and 
could  not  be  verified  from  corrosion  theory  and  practice.  However, 
with  recognition  of  the  importance  of  bulk  scale  and  corrosion 
products  in  inhibiting  corrosion  of  galvanized  steel,  the  importance 
of  determining  corrosion  rates  without  complete  corrosion  product 
removal  and  using  these  values  along  with  total  scale  and  corrosion 
products  in  interpretation  was  recognized.  Along  with  this  informa¬ 
tion,  corroboration  has  been  obtained  from  test  observations,  the 
results  of  inspection  of  corrosion  specimens,  and  the  results  of 
water  analyses  for  corrosion  products. 
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In  studying  the  specific  data  at  the  different  sites  as 
revealed  in  Tables  1-5,  the  following  observations  and  conclusions 
were  made. 

(1)  Galvanized  Steel 

With  soft  water  (0-20  ppm  hardness)  plus  added  chloride  and 
sulfate  at  sites  A^ ,  ( l40°P ) ,  silicate-caustic  soda  treatment 

(as  shown  in  Table  1)  provided  a  lower  corrosion  rate  (AB)  and  a 
higher  amount  of  scale  and  corrosion  products  (D)  than  the 
untreated  water  test.  At  l80°F,  the  corrosion  rate  was  somewhat 
similar  to  that  at  l40°F  oven  though  a  greater  amount  of  scale  was 
formed.  At  sites  C^,  C 2,  definite  advantage  was  shown  in  treating 
soft  water  (10-19  ppm  hardness)  with  6  ppm  silicate  plus  caustic 
soda  to  pH  8.1. 

With  blended  hard  water  (6 3-77  ppm  hardness)  at  sites 
(140°F)  and  D2  (180°F),  the  corrosion  rate  results  did  not  verify 
the  known  advantages  of  silicate  treatment.  However,  the  observed 
reduced  plugging  of  flow  meters  with  iron  corrosion  products,  the 
lower  jron  in  the  water  analyses  shown  in  Table  1,  and  the  known 
reduced  maintenance  experienced  at  this  institution  by  this  treat¬ 
ment  cf  highly  mineralized  water  provide  evidence  that  silicate  is 
effective.  Greater  amounts  of  scale  and  corrosion  products  for 
the  development  of  a  protective  film  were  recorded  for  the  treated 
water.  Therefore,  it  is  expected  that  a  longer  test  period  would 
be  required  to  show  the  treatment  advantages,  particularly  since 
the  test  location  was  far  removed  from  the  point  of  treatment 
application.  Also,  the  low  corrosion  rate  shown  for  the  untreated 
water  test  for  the  first  30  days  of  exposure  confirms  the  fact  that 
residual  inhibition  was  being  provided  from  past  treatment  with 
silicate,  resulting  in  an  untreated  water  test  (run  I)  which  was 
lower  than  should  have  been  expected.  At  site  E,  advantage  was 
shown  with  5  ppm  silica  compared  with  10  ppm  at  equivalent  pH. 

With  hard  water  (117-179  ppm  hardness)  plus  added  chloride  and 
sulfate  at  sites  Ax,  B±  (l40°F)  and  at  A2,  B2  (l80°P),  silicate 
treated  water  provided  a  lower  corrosion  rate  than  caustic  soda 
treated  water  and  formed  a  greater  amount  of  apparently  protective 
scale.  The  hard  water  plus  chloride  and  sulfate  at  sites  B^,  B2 


treated  with  polyphosphate  and  silicate  provided  a  low  corrosion 
rate;  however,  it  is  not  considered  practical  to  operate  with  this 
condition  of  excessive  scale  formation. 

In  reviewing  the  results  of  these  limited  tests,  it  appears 
that  waters  of  lower  chloride  and  sulfate  content,  as  C^,  C2,  E, 
were  effectively  treated  with  lower  silica  and  caustic  soda  to  pH 
8.0;  whereas,  the  waters  of  higher  chloride  and  sulfate  required 
higher  silica  at  an  equivalent  pH. 

(2)  Steel 

As  expected,  steel  was  shown  to  be  seriously  corroded  by 
all  waters  studied  at  1^0°  and  l80°F.  It  cannot  be  considered 
as  a  suitable  material  for  the  waters  studied  because  of  its 
lack  of  corrosion  resistance  and  the  resulting  "red  water" 
problems . 

Nc  serious  attempt  has  been  made  to  correlate  steel  corrosion 
rates  with  caustic  soda-silicate  treatment  since  the  degree  of 
corrosion  inhibition  provided  by  this  treatment  was  insufficient 
to  make  the  use  of  this  material  practical  in  the  waters  studied. 

(3)  Copper 

In  analyzing  these  results,  it  was  apparent  that  two  different 
types  of  corrosion  were  being  encountered,  erosion-corrosion  at  the 
high  flows  and  dissolution  of  copper  by  the  natural  corrosive 
factors  (carbon  dioxide  at  low  pH,  high  chloride-sulfe.te,  and  the 
lack  of  a  film  of  calcium  carbonate  scale)  at  the  lower  flows. 

In  general,  the  erosion-corrosion  at  the  high  flow  rates 
(3 .0-5. 6  ft/sec)  was  observed  to  be  more  serious  at  l80°F  than 
at  llJ0°F.  Tests  in  which  significant  scale  development  occurred, 
as  hydroxyapatite  at  B^,  B2  runs  I,  and  as  calcium  carbonate  at 
D^,  Dn  runs  II  and  III,  were  most  effective  in  reducing  erosion- 
corrosion.  At  B^,  B2,  runs  II  and  III,  considerable  evidence  of 
erosion-corrosion  was  observed  because  of  the  lack  of  formation  of 
a  protective  scale  of  calcium  carbonate.  The  practice  of  applying 
polyphosphate  at  the  Chanute  Water  Plant  caused  the  natural  scale 
forming  tendency  of  this  blended  water  to  be  inhibited.  At  C2 
run  III,  chestnut  tannin,  caustic  soda,  and  silicate  treatment 
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provided  a  thin  continuous  protective  deposit  which  reduced 
erosion-corrosion  significantly.  At  site  E,  the  caustic  soda- 
silicate  was  found  to  be  ineffective,  likely  because  the  treated 
water  tests  were  conducted  (Ref.  12)  at  somewhat  higher  temper¬ 
atures  and  flows  and  also  because  of  the  lack  of  an  adequate 
calcium  carbonate  scale  layer. 

At  the  low  flow  rates  (0.5  ft/sec),  similar  observations  were 
made,  that  is,  tests  providing  significant  scale  development 
produced  lower  corrosion  rates.  This  was  again  illustrated  in  the 
case  of  B^,  B 2  run  III  compared  with  run  II,  in  which  a  pH  increase 
provided  by  caustic  soda  treatment  reduced  the  corrosion  rate  and 
would  likely  have  been  even  more  effective  if  the  polyphosphate 
treatment  employed  at  the  institution  had  not  Inhibited  the  forma¬ 
tion  of  the  desired  calcium  carbonate  scale.  At  site  E,  10  ppm 
silicate  seemed  to  be  more  effective  than  5  ppm  silicate  at  an 
equivalent  pH;  however,  the  higher  temperature  and  flow  rate  may 
have  influenced  this  observation.  Treated  water  having  a  higher 
calcium  carbonate  saturation  index  would  likely  have  been  more 
effective  in  reducing  the  corrosion  rates  at  either  the  low  or 
high  flow  rates. 

(4)  Crevice  Corrosion  Specimens 

There  was  generally  less  crevice  corrosion  observed  at  180°P 
than  at  l40°F. 

With  exception  of  the  B^,  B^  run  I  tests  in  which  excessive 
scaling  occurred,  no  advantage  in  caustic  soda-silicate  treatment 
was  indicated  at  temperatures  of  140°  and  l80°P  at  A^,  A^,  B-^,  and 
B^  sites.  Also,  at  D^,  D^,  no  treatment  advantage  was  shown  at 
140°  and  l80°F. 

At  C^,  C 10  ppm  silicate  treatment  at  pH  8.0  in  treatment  of 
this  blended  hardness  water  provided  a  decrease  in  crevice 
corrosion.  At  E,  5  ppm  silicate  treatment  at  pH  8.2  in  treatment 
of  this  blended  hardness  water  also  provided  a  decrease  In  crevice 
corrosion. 

This  difference  in  effectiveness  of  silicate-caustic  soda 
treatment  on  crevice  cox*rosion  may  be  explained  by  the  high 
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chloride  and  sulfate  contents  of  the  waters  generally  employed 
at  A1,A2,B1, Chloride  and  sulfate  content  is  known  to 
increase  crevice  corrosion,  so  a  higher  concentration  or  the  use 
of  more  effective  inhibitors  would  be  required  for  its  control. 

(5)  Galvanic  Corrosion  Specimens 

There  was  somewhat  less  galvanic  corrosion  observed  at  l80°F 
than  at  140°F. 

Reduced  galvanic  corrosion  resulted  from  caustic  soda  treat¬ 
ment  at  B^,  B2,  from  10  ppm  silica  plus  caustic  soda  treatment 
(to  pH  8.0)  of  blended  hardness  water  at  C^,  C2  and  at  (l40°F), 
and  from  5  ppm  silica  plus  caustic  soda  treatment  (to  pH  8.2)  of 
blended  hardness  water  at  site  E. 

Caustic  soda-silicate  treatment  was  not  effective  at  D2 
(180°F),  where  possibly  the  high  temperature  and  high  salt  content 
may  be  too  severe  for  the  concentration  of  inhibitor  employed  or 
the  effectiveness  of  the  treatment  applied.  Also  at  this  tempera¬ 
ture,  the  reversal  of  the  zinc-iron  potential  may  occur  and  affect 
the  galvanic  corrosion  process.  Increased  conductivity  as 
evidenced  in  the  D^,  D2  supply  is  known  to  increase  galvanic 
corrosion. 

Minimal  galvanic  corrosion  was  observed  at  B^  run  I  (:U0°F) 
in  which  high  hardness  and  phosphate  treatment  caused  excessive 
scaling.  At  l80°F,  however,  galvanic  corrosion  was  in  evidence. 
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SECTION  IV 


CONCLUSION  AND  RECOMMENDATIONS 

1.  Conclusions  (for  waters  of  200-400  ppm  alkalinity) 

a.  For  l40°F  temperature  systems,  4-6  ppm  silica  with  pH 
adjusted  to  about  8.0  is  effective  in  reducing  corrosion  of  water 
of  approximately  10-170  ppm  hardness  and  chloride  plus  sulfate 
content  below  150  ppm.  Higher  silica  (6-10  ppm)  is  required  when 
the  chloride  plus  sulfate  content  is  above  this  level. 

b.  Although  a  longer  test  period  would  have  been  desirable  in 
determining  the  (general,  pitting,  concentrated  cell,  and  galvanic) 
corrosion  rate  at  l80°F,  adequate  inhibition  is  provided  at  the 
treatment  level  of  10-20  ppm  silica.  Because  of  the  tendency  for 
serious  erosion-corrosion  of  copper  to  occur  at  this  temperature, 
galvanized  steel  may  be  preferred  however  adequate  silicate 
treatment  must  be  applied. 

c .  The  corrosion  of  steel  is  not  effectively  inhibited  by 
silicate  at  dosage  levels  up  to  25  ppm. 

d.  The  erosion-corrosion  of  copper  is  observed  at  flow  rates 
of  3  ft/sec  or  above,  particularly  at  l80°F.  A  thick  scale  layer 
of  calcium  carbonate  or  a  continuous  protective  film  produced  by 
caustic  soda-silicate-tannin  treatment  appears  to  be  effective  in 
reducing  this  corrosion.  At  lower  flow  rates,  a  significant  scale 
layer  is  also  most  effective  in  reducing  corrosion  apparently 
caused  by  carbon  dioxide  and  the  chloride  and  sulfate  content  of 
untreated  water. 

2.  Recommendations 

a.  That  steel  not  be  used  in  hot  potable  water  systems  with 
silicate  dosage  of  25  ppm  or  below. 

b.  That  further  research  be  conducted  to  include  the 
following: 

(1)  Determination  of  the  silicate  treatment  variables 
involved  in  treating  low  alkalinity  (10-50  ppm)  and  low  hardness 
(10-50  ppm)  waters  (as  on  the  East  Coast). 
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(2)  Determination  of  the  practicality  of  employing 
silicate  treatment  of  hard  waters  (250  ppm  up)  with  pH  adjustment 
to  the  6. 5-7. 5  range. 

(3)  Determination  of  the  effectiveness  of  zinc  salts 
(Ref.  13)  as  a  supplement  to  silicate. 

(*0  Determination  of  the  corrosion  resistance  of 
ASTM  A -268  Grade  409  stainless  steel. 


APPENDIX  I 


DESIGN  OP  CORROSION  TEST  ASSEMBLIES 

The  corrosion  test  units  were  designed  to  provide  three 
different  flow  rates  of  0-5,  2.0,  and  5  ft/sec  in  the  Institutional 
systems  at  sites  B-^^jC^^jD^jD 2,  and  E.  The  velocities  were 
controlled  by  installation  of  a  circulating  pump  and  adjustment  of 
valves  in  the  individual  circuits. 

These  test  units,  shown  in  Figure  1,  are  labeled  to  show  the 
location  of  the  ASTM  testers  containing  steel,  galvanized  steel, 
and  copper  inserts,  as  well  as  galvanic  and  crevice  type  test 
inserts.  The  steel,  galvanized  steel,  and  galvanic  probes  for 
determining  the  corrosion  rate  by  linear  polarization  and  the 
24-inch  pipe  specimen  are  also  shown. 

In  designing  the  research  unit,  the  central  domestic  hot 
water  systems  in  the  Illinois  State  Institutions  were  studied  so 
that  this  smaller  test  assembly  would  provide  approximately  the 
same  corrosive  conditions  experienced  in  the  state  systems. 
Information  from  these  systems  and  for  the  research  unit  is 
summarized  as  follows. 


Institutions 

Research  unit 

(X) 

ill 

design 

System  volume  (gal.) 

26,000 

13,000 

1,500 

200 

Surface  area 

of  metal  exposed 
(ft2) 

18,000 

9,000 

60 

40 

Ratio  of  surface 
area  to  capacity 
(ft2/gal. ) 

0.7 

0.7 

0.04 

0.2 

Time  required 

for  system  volume 
to  circulate 
(avg.  hrs . ) 

2.9 

2.1 

No 

Circula¬ 
tion  3.5 

Time  required 
for  replacement 
with  fresh  make-up 
(hrs . ) 

4.3 

7.2 

8.3 

8.9 

Number  of  times 
system  volume  is 
replaced  daily 

5.5 

3.3 

2.9 

2.7 
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These  factors  were  considered  of  particular  importance  In  the 
design  of  the  research  unit  because  fresh  water  entering  the 
system  contains  dissolved  oxygen  and  carbon  dioxide,  important 
chemical  constituents  that  are  usually  instrumental  in  determining 
and  sustaining  the  corrosion  reaction  of  fresh  waters  on  metals. 

The  research  unit  (Figure  2)  was  designed  to  limit  water 
wastage  because  of  the  cost  of  water  and  heat.  Flow  rates  of 
1.3,  *J.8  and  5.9  ft/sec  were  obtained  by  employing  3/8-,  1/2-, 
and  1-inch  piping  specimens.  Galvanized  storage  tanks  were 
included  to  provide  the  desired  ratio  of  surface  area  to  capacity. 
In  addition,  softening,  water  treating  and  heating  equipment,  and 
means  for  controlled  wastage  were  provided. 
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APPENDIX  II 

CORROSION  TEST  METHODS 

Figures  3-56  show  the  corrosion  rate  results  obtained  by 
the  polarization  resistance  method  with  steel  and  galvanized 
steel  probes,  by  the  galvanic  method  with  steel  and  copper  probes, 
and  by  weight  loss  methods  in  all  the  corrosion  tests  conducted  at 
sites  A-E.  In  examining  these  figures,  it  should  be  pointed  out 
that  soft  water  refers  to  water  hardness  below  20  ppm,  blended 
water  refers  to  water  which  has  been  blended  with  hard  water  to 
provide  hardness  of  55-120  ppm,  hard  water  refers  to  waters  of 
1^0-285  ppm,  and  added  chloride  and  sulfate  refers  to  the  addition 
of  approximately  100  ppm  of  chloride  and  sulfate. 

The  polarization  resistance  or  linear  polarization  method 
is  described  in  ASTM  D2776  and  by  the  National  Association  of 
Corrosion  Engineers  committee  T-3D-1  (Ref.  1*1).  Three  similar 
steel  or  galvanized  steel  electrodes  are  employed,  and  the  corrosion 
rate  is  measured  by  applying  a  change  in  potential  (10  mv)  between 
the  test  and  auxiliary  test  electrodes  and  measuring  the  corrosion 
current  between  these  electrodes  while  the  third  freely  corroding 
electrode  is  employed  as  the  reference  electrode.  The  current  flow 
is  then  reversed  and  again  measured,  and  the  average  of  the  two 
corrosion  currents  is  the  measured  corrosion  rate  in  the  system. 

The  galvanic  method  consists  of  two  electrodes,  one  steel 
and  one  copper,  and  includes  a  200-ohm  resistor  in  the  circuit. 

The  current  flow  between  these  two  electrodes  is  considered  only 
as  a  measure  of  the  relative  corrosion  rate. 

The  weight  loss  method  is  fully  described  in  ASTM  D2688 
method  C.  Corrosion  rates  for  steel  obtained  by  this  method  are 
Included  in  Figures  3-29 >  those  for  copper  In  Figures  9-29>  and 
those  for  galvanized  steel  in  Figures  30-56.  To  obtain  the 
corrosion  rate  of  copper  in  MPY,  multiply  MDD  results  by  0.161. 

In  this  weight  loss  procedure,  four  weighings  are  made  in 
the  test  and  cleaning  procedure;  namely,  the  original  weight, 
the  dry  weight  after  removal  from  the  environment,  the  weight 
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after  removal  of  loose  scale,  and  the  weight  after  removal  of  all 
scale  and  corrosion  products.  Certain  metals,  such  as  galvanized 
steel,  hold  tenaciously  to  the  corrosion  products  (zinc  carbonate), 
which  should  possibly  not  be  considered  a  corrosion  loss 
since  this  corrosion  product  may  be  mainly  effective  in  stifling 
the  corrosion  process.  Accordingly  this  value  (D)  obtained  from 
weight  including  tight  scale  minus  the  original  weight  is 
considered  a  more  accurate  evaluation  of  the  corrosion  rate  of 
galvanized  steel  than  the  conventional  way  of  removing  all 
corrosion  products.  Another  value  (AB)  obtained  from  dry  weight 
on  removal  minus  final  weight  after  cleaning  is  considered 
significant  because  it  measures  the  total  scale  and  corrosion 
products  covering  the  metal  surface.  These  values  along  with 
corrosion  rate  (E) ,  obtained  from  the  original  weight  minus  the 
final  weight,  have  Important  functions  in  the  diagnosis  of  this 
corrosion  problem. 

Originally  it  was  thought  that  the  results  obtained  by  the 
linear  polarization  method  would  be  the  main  ones  employed  in 
reaching  the  final  conclusion;  however,  whei  the  results  from  the 
whole  project  were  completed,  it  was  seen  that  the  weight  loss 
results  were  more  indicative.  Inhibition  of  corrosion  is 
frequently  attained  by  voluminous  scale  and  corrosion  products, 
often  soft  and  thick,  'f’he  probes  of  the  linear  polarization  method 
protrude  into  the  middle  of  the  pipe  where  such  deposits  are  easily 
removed  from  the  probes  by  erosion.  This  difference  may  be 
illustrated  by  comparing  the  corrosion  rates  obtained  at  the 
different  flow  rates  by  the  weight  loss  and  the  polarization 
methods.  Reference  to  Figure  43,  illustrating  run  II  at  site  C^, 
will  show  that  at  90  days  weight  loss  results  of  galvanized  steel 
increase  by  4001  from  low  to  high  flow,  while  polarization  results 
increase  by  only  7 0% .  Variations  in  flow  at  the  pipe  wall  are  more 
important  in  determining  the  corrosion  rate  since  it  is  here  that 
the  corrosion  process  is  occurring.  The  flow  at  the  pipe  wall  is 
known  to  be  virtually  stagnant  compared  with  the  flow  at  the  probe 
and  accordingly  the  difference  in  corrosion  rate  measurement 
obtained  by  the  two  test  methods  should  not  be  unexpected. 


19 


APPENDIX  III 


TESTS  ON  GALVANIZED  PIPING 

The  analysis  and  the  determination  of  the  uniformity  of  the 
zinc  coating  of  12-  to  20-foot  lengths  of  1-inch  schedule  40 
galvanized  piping  (A STM  A120)  were  conducted  to  determine  their 


suitability  for  use 

as  corrosion 

specimens . 

In  the  first  test 

(specimens  1E-9E),  4 

-inch  lengths 

were  taken 

from  the 

ends  (E)  , 

the  middle  (M)  of  3- 

to  20-foot  lengths;  in 

the  second 

test 

(specimens  12-52),  4 

-inch  lengths 

were  taken 

from  the 

middle  of 

remaining  nine  pipes 

« 

Zinc 

Zinc 

p 

Specimen  No.  oz/ft 

mils 

Specimen  No 

.  oz/ft^ 

mils 

IE  2.15 

3  •  6 

12 

1.99 

3.4 

2M  2.07 

3.5 

17 

2.07 

3.5 

3E  2.16 

3.6 

22 

2.63 

4.4 

4e  2.14 

3.6 

27 

2.52 

4.3 

5M  2.10 

3.6 

32 

2.15 

3.6 

6E  1.40 

2.4 

37 

2.22 

3.5 

7E  2.08 

3.5 

42 

2.7  6 

4.7 

8m  2.42 

4.1 

47 

2.02 

3.4 

9E  2.00 

3.4 

52 

2.46 

4.2 

The  test  method  described  in  the  ASTM  (A90)  method  indicated  that 
one  10-foot  length  represented  by  specimen  6E  should  be  removed 
fr6m  the  lot  as  being  nonrepresentative.  The  rest  of  the  piping 
met  the  ASTM  A120  specifications,  which  call  for  a  minimum  of 
2  ounces  of  zinc  per  square  foot,  and  was  therefore  used  for 
preparing  Inserts  for  the  ASTM  D2688  method  of  test  and  for  the 
24-inch  length  specimens. 


20 


APPENDIX  I V 


CREVICE  AND  GALVANIC  CORROSION  TESTING 

In  initial  crevice  corrosion  tests  (runs  I  and  II),  the  ends 
of  the  short  1-  and  2-inch  galvanized  inserts  in  the  A3TM  testers 
were  left  unpainted  to  assimilate  threads.  The  degree  of  crevice 
corrosion  observed  was  minimal  in  these  tests;  therefore  it  was 
concluded  that  this  method  of  testing  apparently  did  not  provide 
the  measure  of  crevice  corrosion  desired. 

In  run  III,  1/2-inch  length  steel  inserts  were  installed 
between  the  1-  and  2-inch  length  galvanized  steel  specimens. 

By  providing  this  large  crevice  area,  it  seems  that  a  more 
realistic  value  of  crevice  corrosion  or  a  better  evaluation  of  the 
galvanic  corrosion  occurring  between  galvanized  steel  and  steel  is 
provided.  Since  the  zinc  (or  galvanizing)  is  largely  removed  in 
the  pipe  threading  operation,  essentially  a  combination  of  a 
galvanic  cell  and  crevice  is  provided  in  the  threads.  When  this 
larger  steel  area  is  employed,  the  zinc  area  is  probably  near  the 
minimum  required  for  providing  cathodic  protection  for  steel,  and 
thus  a  better  test  of  galvanic  or  crevice  corrosion  is  attained. 
Therefore  It  is  planned  to  continue  this  procedure  in  future  runs. 

Crevice  corrosion  rates  obtained  by  weight  loss  are  included 
in  Table  3  and  In  Figures  30-56.  These  tests  were  conducted  at 
the  following  velocities. 

Site  Velocity  (ft/sec) 

A15A2  1.3 

Bi , B2 , C i , C 2 , Di jDg  2.0 

E  0.5 

For  galvanic  corrosion  testing,  four  short  inserts  of  1-inch 
lengths  of  copper  and  galvanized  steel  installed  alternately  have 
been  employed  in  the  ASTM  tester.  This  assembly  of  4-inch  overall 
length  fits  into  the  allotted  4-inch  space  in  the  plastic  sleeve 
of  the  ASTM  tester.  The  ends  of  these  short  inserts  were  not 
painted  in  order  to  allow  electrical  contact  in  runs  I;  however, 
to  assure  electrical  contact,  two  of  the  four  inserts  were 
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connected  with  copper  strips  in  runs  II  and  III.  In  general,  this 
change  did  not  affect  the  corrosion  rates  appreciably. 

Galvanic  corrosion  rates  obtained  by  weight  loss  are  included 
in  Table  3  and  in  Figures  36-56. 


APPENDIX  V 


SCREENING  CORROSION  TESTS 


A  standard  type  (Refs.  4,6,8)  of  corrosion  testing  apparatus 
for  total-immersion  tests,  which  includes  continuous  aeration, 
velocity  and  pH  control  was  employed  in  which  steel  specimens 
were  exposed  to  a  synthetic  water  of  the  following  composition 
(similar  to  Dwight  water,  D^,  D2): 

PPm  ppm  pH 

Calcium  (Ca)  16  Alkalinity  (CaC03)  275  8.2 

Magnesium  (Mg)  9  Chloride  (Cl)  360 

Sulfate  (SO^)  240 


Test  I 

The  purpose  of  this  test  was  to  determine  whether  the 
concentration,  pH,  and  method  of  preparation  of  silicate  solutions 
would  affect  the  corrosion  inhibition  of  steel  by  silicate. 

The  solutions  tested  were: 

Jar  1.  12  ppm  silica  (SiOp)  added  as  5$  solution 

of  N  brand  sodium  silicate. 

Jar  2.  12  ppm  silica  (S10?)  added  as  0.5$  solution 

of  N  brand  sodium  silicate. 

Jar  3.  12  ppm  silica  (SiOp)  added  as  5$  solution 

of  N  brand  sodium  silicate,  neutralized 
with  sulfuric  acid,  aged  2  hours,  added 
as  0.5$  solution. 

Jar  4.  12  ppm  silica  (SiOp)  added  as  5$  solution 

of  N  brand  sodium  silicate,  neutralized 
with  sulfuric  acid,  aged  2  hours,  added 
as  2.5$  solution. 

Jar  5*  12  ppm  silica  (SiOp)  added  as  5$  solution 

of  N  brand  sodium  silicate,  passed  through 
a  hydrogen  exchanger,  aged  2  hours,  added 
as  5$  solution. 

Jar  6.  No  treatment 

Silica  concentration  was  kept  within  10$  of  specified  12  ppm 
level.  Supplemental  treatment  was  required  approximately  every 
10  days.  The  tests  were  conducted  for  25  days  and  no  appreciable 
difference  in  corrosion  rate  (range  of  63-77  MDD  by  weight  loss) 
was  observed  between  the  five  differently  prepared  silicate 
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solutions.  Linear  polarization  tests  gave  results  approximately 
1056  higher  than  weight  loss  results.  The  corrosion  rate  without 
treatment  was  123  MDD  (by  weight  loss),  which  indicated  that  the 
silicate  treatment  inhibited  corrosion  in  all  cases. 

Test  II 

Test  I  was  repeated  with  the  treatment  increased  to  32  ppm 
silica  in  jars  1-5.  This  test  was  conducted  for  24  days,  but  no 
appreciable  difference  in  corrosion  inhibition  was  observed  between 
the  silicate  solutions.  The  corrosion  rate  was  at  the  same  level 
as  in  test  I.  Silica  concentration  was  kept  within  1C$  of 
specified  32  ppm  level.  Supplemental  treatment  was  required  about 
every  10  days. 

Test  III 

The  purpose  of  this  test  was  to  determine  whether  zinc 
sulfamate  (Ref.  7)  increased  the  inhibition  provided  by  silicate 
treatment . 


The  results  of  the  test  were  as  follows: 


Corrosion 

rate 

(MDD) 

Linear  polarization 

Weight 

loss 

dH 

43 

Time 

76 

In  days 
112 

136 

Jar 

1. 

Steel,  no  treatment 

7.5 

80 

85 

50 

45 

Jar 

2. 

Steel,  10  ppm  Si02 

8.2 

50 

23 

18.8 

30 

Jar 

3. 

Steel,  10  ppm  SiC>2, 

3  ppm  zinc 
sulfamate  (as  Zn) 

8.2 

15 

16 

l8 . 0 

17 

Jar 

4. 

Galv.  steel,  no 
treatment 

7.5 

3 

2 

7.1 

7.5 

Jar 

5. 

Galv.  steel, 

10  ppm  Si02 

8.2 

20 

4 

5.2 

11 

Jar 

6. 

Galv.  steel,  10  ppm 
Si02,  3  ppm  zinc 
sulfamate  (as  Zn) 

8.2 

3 

4 

7.4 

5.6 

This  test  indicated  that  the  silicate  inhibition  of  the 
corrosion  of  steel  was  increased  Initially  by  the  addition  of  zinc 
sulfamate  but  on  longer  exposure  no  advantage  was  shown.  Silica 
concentration  was  kept  within  10$  of  specified  10  ppm  level.  Zinc 
precipitated  rather  rapidly  requiring  supplemental  addition  of  zinc 
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sulfate  every  2  to  3  days  to  raise  the  zinc  content  from  0. 5-1.0 
ppm  to  the  specified  3  ppm  level.  Supplemental  addition  of  silica 
was  required  every  10  days . 

This  method  of  testing  seems  to  be  unsatisfactory  for 
evaluating  the  small  differences  in  the  corrosion  of  galvanized 
steel  observed  with  different  treatments.  In  this  procedure,  the 
water  is  changed  only  every  two  weeks  and,  as  a  result,  the 
accumulation  of  corrosion  products  may  limit  the  corrosion  rate. 
Apparently  the  corrosion  of  galvanized  steel  should  be  investigated 
under  continuous  flowing  conditions,  as  in  a  piping  distribution 
system. 
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APPENDIX  VI 


TYPICAL  SODIUM  SILICATE  WATER  TREATING  SYSTEM 


An  institutional  water  supply  that  is  corrosive  at  both 
cold  and  hot  water  temperatures  can  best  be  treated  as  the  water 
is  pumped  from  the  well  system  or  as  the  water  enters  the  institu¬ 
tion  through  a  water  meter  from  the  city  water  supply.  If  only  the 
hot  water  requires  treatment  and  a  central  domestic  hot  water 
heating  system  is  located  in  the  power  plant,  proportional  treat¬ 
ment  can  be  applied  there.  If  the  institution  has  numerous 
domestic  hot  water  systems  in  separate  buildings,  it  will  likely 
prove  best  to  treat  the  entire  supply  regardless  of  the  treatment 
requirements  of  the  cold  water. 

If  the  hardness  of  the  supply  exceeds  150  ppm,  sodium  zeolite 
softeners  should  be  installed  to  soften  the  water  to  the  60-90  ppm 
level  by  completely  softening  the  desired  percentage  of  water  and 
blending  sufficient  hard  water  to  provide  60-90  ppm  hardness  in  the 
effluent.  In  waters  of  appreciable  chloride  and  sulfate  content 
>150-300  ppm,  application  of  liquid  sodium  silicate  (11°  Baume, 
28.8%  Si02,  9.2%  Na20,  alkali-silica  ratio  1:3.22)  at  6-10  ppm 
silica  (Si02)  plus  caustic  soda  to  provide  pH  of  about  8.2  is 
recommended . 

An  institution  using  500,000  gallons  of  water  per  day  and 
having  a  well  supplying  500  gpm  would  require  treatment  equipment 
as  follows : 

1  Electrical  connection  from  well  pump  magnetic  starter  to 
chemical  pump  magnetic  starter  to  initiate  chemical  pump 
operation  whenever  well  pump  operates 

1  Chemical  pump  starter 

1  Chemical  pump  of  following  specifications:  Constant 
adjustable  volume  diaphragm  pump  of  corrosion  resistant 
construction  to  handle  chemicals  specified,  maximum  pressure 
100  psi,  specified  capacity  of  0-3.0  gph.  It  should  include 
electric  motor  and  plastic  tubing  for  introduction  of 
chemical  solution  from  vat  to  discharge  point  in  water  line. 

1  Chemical  tank  and  mixer  of  the  following  specifications: 

200  gallon  tank  of  polyethylene  construction  or  approved 
equivalent.  An  electric  mixer  which  must  be  sturdily 
mounted,  have  a  separate  electrical  switch,  and  be  of  proper 
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corrosion  resistant  properties  to  handle  chemicals 
specified. 

If  metered  city  water  rather  than  institutional  well  water  is 
to  be  treated,  then  an  electricontact  water  meter  and  timer  will 
be  necessary  to  provide  proportional  chemical  feed  to  the  water 
line.  Based  on  a  maximum  flow  of  500  gpm,  a  6-inch  meter  with 
electricontact  likely  will  be  required;  however,  engineering 
interpretation  may  be  required  on  the  type  and  size  of  water  meter 
to  obtain  since  the  accuracy  of  the  meter  under  low  and  average 
flows  must  be  given  consideration.  In  addition  to  the  equipment 
specified  previously,  the  following  will  be  required: 

1  6-inch  electricontact  water  meter  with  electricontact  every 
1000  gallons 

1  Timer,  electric,  adjustable,  0-15  minute,  for  initiating 
chemical  pump  operation  for  set  number  of  minutes  each 
time  it  is  actuated  by  the  water  meter,  for  turning  off 
chemical  pump  and  re-setting  in  order  that  the  chemical 
pump  operation  will  be  actuated  the  next  time  that  water 
meter  contact  is  made. 

In  placing  these  systems  in  operation,  20  gallons  of  the 
liquid  sodium  silicate  and  100  pounds  caustic  soda  would  be 
dissolved  and  well  mixed  in  the  water  (softened,  preferably)  in 
the  200  gallon  tank.  Dosage  would  be  based  on  the  application  of 
20  gallons  of  liquid  sodium  silicate  and  50  pounds  of  caustic  soda 
per  1,000,000  gallons  of  water  or  sufficient  to  apply  8  ppm  silica 
(S102)  and  to  provide  a  significant  pH  increase.  The  quantity  of 
caustic  soda  required  will  depend  on  the  alkalinity  and  pH  of  the 
water  being  treated.  The  chemical  pump  would  be  set  at  2  gph  if 
the  water  meter  and  timer  were  not  required  and  would  be  set  at 
2.7  gph  if  the  meter  and  timer  were  required.  In  this  case  the 
timer  would  be  set  at  1*»  minutes  to  allow  30%  of  the  time  interval 
between  meter  contacts  at  500  gpm  flow  for  re-setting. 
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Figure  3.  Corrosion  of  Steel,  Site  A^  Run  1,  Sc 
Water  Plus  Added  Chloride  and  Sulfate 
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Figure  10.  Corrosion  of  Steel  and  Copper 
Site  Fun  II,  Hard  Water 
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Figure  13-  Corrosion  of  Steel  and  Copper 
Site  Bp  Run  II,  Hard  Water 
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Figure  18.  Corrosion  of  Steel  and  Copper, 
Site  Co  Run  I,  Soft  Water 
*  Run  Restarted  After  Velocities  Corrected 
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Figure  26.  Corrosion  ol'  Steel  and  Copper,  Site  D2  Run  III 
Blended  Hardness,  Added  11  ppm  Silica,  pH  8.0 
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Figure  27.  Corrosion  of  Steel  and  Copper, 
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Figure  30.  Corrosion  of  Galvanized  Steel,  Site  At  Run  I 
Soft  Water  Plus  Added  Chloride  and  Sulfate 
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Figure  31.  Corrosion  of  Galvanized  Steel, 
Run  It,  Soft  Water  Plus  Added  Chlorid 
Sulfate,  and  11  ppm  Silica,  pH  8.0 
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Figure  32.  Corrosion  of  Galvanized  Steel,  Site  A 
Run  III,  Blended  Hardness  Plus  Added  Chlorice, 
Sulfate,  and  11  ppm  Silica,  pH  6.1 
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Figure  35.  Corrosion  of  Galvanized  Steel,  Site  A2 
Run  III,  Blended  Hardness,  Added  25  ppm 
Silica,  and  2  ppm  Tannin,  pH  8.2 
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Figure  36.  Corrosion  of  Galvanized  Steel,  Site 
Run  I.  Hard  Water  Plus  Added  Chloride, 
Sulfate,  lo  ppm  Silica,  and  5  ppm  Polyphosphate 
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Figure  38.  Corrosion  of  Galvanized  Steel, 
Run  III,  Hard  Water  Plus  Added  Chlorid 
Sulfate,  and  Caustic  Soda,  pH  8.0 
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Figure  *i 4 .  Corrosion  of  Galvanised  Steel,  Site  Run  III, 
Soft  Water,  Added  6  ppm  Silica,  and  3*5  ppm  Tannin,  pH  8.1 
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Figure  ^7.  Corrosion  of  Galvanized  Steel,  Site  C? 
Run  III,  Soft  Water,  Added  6  ppm  Silica,  and 
3.5  ppn  Tannin,  pH  8.1 
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Figure  48.  Corrosion  of  Galvanized  Steel, 
Site  Di  Run  I,  Blended  Hardness 
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Figure  53-  Corrosion  of  Galvanized  Steel,  Site  D 
Blended  Hardness,  Added  11  ppm  Silica,  pH 
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Figure  5*4.  Corrosion  of  Galvanized  Steel, 
Site  E  Run  I,  Blended  Hardness 
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Figure  55-  Corrosion  of  Galvanized  Steel,  Site  E  Run  II 
Blended  Hardness,  Added  10  ppm  Silica,  pH  8.1 
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Figure  56.  Corrosion  of  Galvanized  Steel,  Site  E 
Run  III,  Added  5  ppm  Silica,  pH  8.2 
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12 

15 

20 

1 

1?. 4  1  Brown,  continuous, 
l 4 . Q  no  gelv.  exposed 

16.6 

1 

0.5 

2.0 

5.6 

0.5 

126 

sort 

1 

■ 

II 

0.1 

1 

B 

5.< 

2. 

7. 

light  brown,  thin, 

continuous,  pits 
starting  (?) 

H 

13* 

Blended  Hard 

56 

D 

21 

7.8 

m 

0.06 

I 

gg 

3. 

7. 

Light  ten,  eontln- 
1  uoue ,  thicker, 

5.6 

1 

1 

5.6 

6. 

1 1  mu.  ,.i*. 

!  exposed 

in 

0.5 

1)6 

Soft 

1C 

B 

17 

h.i 

H 

0.04 

E 

1 

10. 

15. 

’  Oar*  ten,  thin, 

1  cam lftuoue .  no 

5.6 

■ 

■ 

i 

1C. 

?  |  gai v.  exposed 
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Table  1.  Pertinent  Data  on  Galvanized  Steel 
Specimens  (Continued) 


Sits 

Run 

Vsloclty 

ft/ssc 

Water 

H 

m 

pH 

HuSj 

■izfl 

I 

■ 

?4"  Spec  lean  and 
Deposit 
Description 

m 

o.S 

13* 

Blended  Hard 

71 

0 

■ 

7.8 

1.2 

0.50 

15 

0.6 

17.2 

"an,  continuous, 

2.0 

1 . 

18 

-3.0 

*3.8 

Uetl.  ml. 

■■ 

9.8 

2k 

-5.3 

30.* 

exposed 

HU 

0.5 

13* 

Blended  Hard 

86 

22 

■ 

6.1 

0.3 

0.10 

12 

1.8 

21.4 

Dark  tan,  contln- 

■he 

2.0 

15 

-1,4 

*5.1 

uoua,  no  galv. 

■H 

5.* 

*5 

5.7 

39.6 

exposed 

0.5 

13* 

Bland ad  Hard 

77 

11 

13 

8.1 

0.1 

0.03 

1* 

-3.8 

*5.6 

3>rk  Un,  contln- 

2.0 

18 

-5.7 

35.1 

iOue,  no  galv. 

*.6 

26 

no 

47.4 

0.5 

l6l 

Blended  Hard 

63 

0 

mm 

7.8 

■a 

0.80 

E 

-3.9 

40.2 

-lght  red  brown. 

2.0 

3g£ 

-6.9 

91.6 

slight  galv. 

5.5 

Rj 

-7.6 

16.7 

exposed 

11 

0.5 

101 

Blended  Hard 

70 

22 

mm 

8.1 

0.60 

-1.0 

17.9 

Red  brown, 

2.0 

fn 

-*.3 

20. C 

.'Ontlnuoua,  little 

4.8 

1  - 

1* 

-0.6 

21.2 

*elv.  exposed 

IXX 

l8l 

Blended  Hard 

66 

11 

13 

8.0 

1 

0.0* 

28 

-4.2 

37.8 

Gold  brown. 

■ 

2k 

-9.6 

3*. 5 

continuous ,  no 

*.8 

29 

EH 

37.3 

relv.  exposed 

K  X 

0.5 

199 

Blinded  Hard 

5* 

0 

0 

m 

mm 

0.30 

■*3 

ESI 

51.9 

Tan,  aoae  rust 

0.5 

*2 

-7.1 

50.8 

spots  that  could 

3.1 

12 

-1.4 

14.? 

develop  Into  pits 

XX 

0.5 

146 

Bland ad  Hard 

55 

10 

26 

8.1 

0.15 

9 

-7.5 

?0.0 

"an,  sows  rust 

0.5 

5 

-6.7 

14.7 

spots  that  could 

3.3 

16 

3.1 

14.8 

levalop  Into  plte 

XXI 

0.5 

153 

Blended  Hard 

73 

5 

18 

8.2 

0.0* 

*1 

59.7 

Tan,  nore  deposit 

0.5 

*2 

63.0 

and  protective 

3.T 

■ 

51 

BO 

75.8 

than  runs  I  and  II 

In  addition  to  silicate  and  caustic  soda  treatment,  0.2-1.*  ppm  of  polypftoephate  mo  applied  oy  Chenute  Water  Plant 
to  all  three  rune  at  31to  A^ ,Aj,Bj  and  Bg.  Also  5-5  PP*  polyphosphate  mi  applied  to  B^Bj  run  I,  ?  ppm  chestnut 
tannin  to  A?  run  XXX  and  3.3  ppei  chestnut  tannin  to  run  XXX. 

At  Bi#B}  run  I,  high  hardness  caused  excessive  scale  fomatlon  in  the  systaa.  Chanute  softener  aystea  had  becoee 
inoperative . 

At  runs  IX  end  XXX,  hardness  use  higher  then  deelrsd  because  of  lnaufflclont  softoner  capacity. 

Ac  emulation  of  corroelon  products  in  flow  net  ere  or  rune  I-II  end  Dj  run  I  node  c  leant  ng  necessary  Monthly. 

Dj  run  III  and  0^  run  XI  required  cleaning  svsry  6o  days,  while  D?  run  III  snowed  no  accuaulatlon.  Experience 
at  this  State  Institution  has  Indicated  that  caustic  eoda-alllcate  tree teen t  ee  applied  In  run  III  fas  reduced 
■a In tenants  significantly  a  past  twenty  years. 

At  K  runs  II  and  XXI,  the  higher  temperatures  end  flow  rates  then  run  I  undoubtedly  increased  the  corrosion  rate. 

*  120  days,  axcapt  A^ ,Aj  runs  XXI  are  102  days ,  Ct,r?  run  II  la  90  days  and  run  III  la  96  days. 

••  I  -  After  cleaning  to  natal  surface 

AS  -  After  Cleaning  ta  tight  teals  surface  ( Begat! ve  value  indicates  a  weight  gain  on  exposure  end  results  rroe 
the  weight  of  the  scale  and  corrosion  products  exceeding  the  corrosion  loss  or  the  epeclnen.) 

D  -  Total  ecala  and  corroelon  products 


Table  2.  Pertinent  Data  on  Copper  Corrosion  Specimens 


Site 

Run 

velocity 

ft/aac 

Tj-p. 

Water 

H 

e.fPBi 

1229 

Added 

NaOH 

a 

ESS 

um 

B 

Corrosion  Insert 
Description 

Bi  I 

0.5 

142 

Hard+ci.SO,. 

285 

18 

0 

7.8 

2.3 

1.7 

1.9 

Dull,  *1.  fin.  scratch.. 

2.0 

3.9 

3.1 

2.7 

Rad  brown,  daf.  fin. 

sentence 

5.2 

5.2 

4.5 

4.5 

Red  brown,  tone  erosion 

corroslm 

II 

0.5 

140 

Hard 

179 

0 

ra 

8.3 

7.6 

0.3 

Shiny »  *1.  fins  scratches 

2.0 

■ 

17.0 

16.3 

0.2 

Less  shlnv,  si.  erosion 

m 

■ 

corroeicn 

5.6 

22.0 

21.3 

0.2 

L«».  shln>,  con. Id.  .roslon 

n 

corrotlcn 

III 

0.5 

144 

Hard+ci,so, 

140 

23 

Q 

6.5 

6.0 

0.8 

Dull ,  sl.  fins  scratches 

2.0 

4 

n 

26.0 

25.* 

0.2 

Blotchy,  row  aroslun 

5.6 

« 

corrosion 

1 

■ 

42.0 

42.1 

0.1 

Shiny,  corn  id.  erosion 
corrosion. 

B.,  I 

0.5 

■ ;  n't'C4Km 

K£2i 

t£J 

I'ftI 

i.? 

Red  brown,  el.  rine  scratches 

2.0 

[Vfef:^4fe-iaiLB 

2.4 

Bt] 

67.2 

Rad  brown  sl.  fin.  scratch.. 

4.7 

H 

B 

2.3 

44.1 

Red  brown  con* Id.  fine 

■ 

Km 

•cratch** 

II 

0.5 

178 

170 

BI 

fcBl 

0.6 

Shiny 

2.0 

28.0 

sail 

0.3 

Less  shiny,  eoee  erosion 

m 

H .  • 

corrosion 

4.0 

H 

42.0 

41.9 

0.4 

Rough,  cone  id.  erosion 

corrosion 

III 

0.5 

179 

145 

■  ' 

23 

8.0 

7.1 

0.8 

Dull 

2.0 

■h  n 

35.0 

0.2 

Dull,  •-.  erosion  corrosion 

4.7 

H 

56.0 

KXfl 

0.3 

Sl.  luatar,  conald. 

MB 

m 

■»1 

KM 

$ 

rr 

8.6 

MU 

1.8 

Red  brown.  dull,  sl.  f{ns 

tiWkLSmM 

mm 

acratch-a 

| 

11.0 

0.8 

31.  lust.-,  som  .roslon 

corro.l  -n 

1 .  - 

■vn 

11111 

28.0 

27-2 

0.5 

31.  shiny,  conald.  .roslon 

.  ■ 

corrotlcn 

0.5 

143 

Blandad  Hard 

62 

21 

8.0 

KD 

K2Q 

1.7 

Sl.  lu»t«-,  sl.  fin. 

Bn 

MM 

MM 

acratchoa 

2.0 

IB 

CB 

1.4 

31.  luaccr,  al.  aroalon 

n 

MM 

MM 

corrosion 

*.9 

mmm 

rac] 

ran 

1.4 

Sl.  tarnished,  si.  erosion 

1  m 

MM 

MM 

corroi ion 

0.5 

144 

3of  t 

10 

BE 

37 

8.1 

03 

Esi 

0.7 

Shiny,  si.  fins  scratches 

2.0 

11.0 

11.0 

0.5 

Shiny,  sena  aroalon  corrosion 

4.8 

| 

13.0 

13.0 

0.5 

Shiny,  conald.  erosion 

■ 

■ 

correal m  _ 

«Vf 

o.5 

KJ 

|TTJ^M  V  ■  j 

19 

■a 

0 

TT 

7.1 

1.7 

Chill,  si.  fins  scratches 

■Hi 

2.0 

■ 

M 

■ 

8.6 

7.9 

1.4 

Dull,  sons  erosion  corrosion 

5.6 

■ 

■m 

11.0 

11.0 

0.6 

Dull,  ccnild.  erosion 

l^/V 

■ 

BfHuHDw 

■ 

corrosion 

^B3 

—  r 

56 

■ 

21 

7.8 

7.1 

7.1 

0.8 

Dull,  sl.  fins  scratches 

H 

2.6 

BI 

8.1 

8.o 

0.6 

Dull,  sows  erosion  corroalon 

5-6 

is 

h 

bsi 

13.0 

13.2 

0.6 

thill,  conald.  erosion 

■  ■ 

BI 

corroal  >n 

o.5 

IS 

10 

37 

8.1 

3.7 

3.* 

10.5 

Shiny,  al.  fins  scratches 

^BH 

2.0 

Bn 

■ 

<*.2 

ESI 

15.6 

Shiny,  »oa  erosion 

— a» 

<«BBS 

■ 

WSm 

MM 

corres ion 

■  I 

5.6 

Jail 

IB 

6.8 

z 

10.7 

Shiny,  acne  vroalon 

■m 

MBH 

MBS 

MM 

corroalon 

i 
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Table  2.  Pertinent  Data  on  Copper  Corrosion  Specimens 

(Continued) 


Sit* 

Velocity 

Taap. 

Addtd 

Added 

corroalon 

Rate* 

Corroalon  Insert 

Run 

ft/aac 

•f 

Water 

H 

S102 

NaOH 

pH 

£•« 

AB 

D 

Dose  rlpt  ion 

D,  I 

0.5 

132 

Bland ad  Hard 

71 

0 

0 

7.8 

14.0 

0.4 

14.6 

Dark 

1 

2,0 

15.0 

6.7 

9.4 

Dark,  soirf  eroalon  corroalon 

4.8 

16.0 

6.4 

10.9 

Surface  deal  shea,  aoeie 

eroalon  corroalon 

II 

0.5 

132 

Blended  Hard 

66 

2? 

0 

8.1 

3.4 

1.1 

4.4 

Dull,  def.  fine  acratcnaa 

2.6 

3.7 

1.4 

4.5 

Dull,  def.  fin*  scratches 

5.2 

4.0 

2.1 

4.1 

Surface  b.emlehes,  daf. 

fine  acratchea 

III 

0.5 

132 

Blended  Hard 

77 

11 

13 

8.1 

3.2 

0.3 

4.6 

Dull,  def.  fine  acratcnaa 

2.0 

3.5 

-“•3 

11.6 

Dull,  a:,  eroalon  corroalon 

4.6 

3.6 

-3.6 

11.2 

Surface  Blenlshae,  al. 

D,  I 

o.5 

181 

Blended  Hard 

&3 

0 

0 

7.6 

10.0 

7.0 

6.6 

Brown 

2.0 

15.0 

11.7 

9.0 

Blealshcd  aurfaca 

5.5 

17.0 

13.7 

9.2 

Blealshed  surface,  $1. 

eroalon  corroalon 

XI 

0.5 

161 

Blended  Hard 

70 

22 

0 

8.1 

5.1 

1.4 

6.0 

Rad  brown 

2.0 

9.1 

-0.7 

10.6 

Dull,  a.,  aroaion  corroalon 

4.8 

13.0 

-1.3 

15.? 

Dull,  al.  aroaion  corroalon 

III 

0.5 

181 

Blandad  Hard 

66 

11 

13 

6.0 

5.6 

1.1 

o  .6 

Brown  flirt 

2.0 

10.0 

-0.1 

10.6 

Brown  flln,  si.  eroalon 

corrosion 

4.6 

13.0 

-1.8 

14.6 

Brown  filr,  loaa  aroaion 
corroalon 

— r~r~ 

"Tn — 

-m r 

Bland ad  Hard 

~vr 

0 

0 

77T 

3.1* 

l.fr 

luster 

0.5 

4.6 

3.4 

1.7 

Dull,  al.  fine  scratches 

3.1 

5.1 

3.9 

1.7 

Dull,  si.  fine  scratches 

II 

0.5 

146 

Blandad  Hard 

55 

10 

26 

8.1 

3.5 

3.1 

0.8 

Spotted,  el.  fine  scratches 

0.5 

4.1 

3.7 

0.7 

Discolored,  al.  fine 

scratch?* 

3.3 

8.1 

7.9 

0.8 

Spotted,  com  eroalon 

corrosion 

in 

0.5 

153 

Blended  Hard 

73 

5 

18 

8.2 

10.0 

9.5 

0.7 

SI.  lusts'*,  al.  fine 

scratch*** 

0.5 

12.0 

11.2 

0.9 

SI.  lust.-,  al.  fine 

ec  retch.'. 

3.7 

12.0 

11.6 

0.7 

Rough,  conelder.  eroalon 

corroalon 

Tnp«ratur« ,  water  analyal,  data  and  specimen  description  la  the  aaaa  for  all  floes  of  cne  run. 


In  addition  to  alllcaca  and  cauatlc  aoda  Ireataent  0.2-1. 4  ppm  of  aodlua  polyphosphate  uaa  applied 
oy  Chanuta  Hater  Plant  to  runa  I-m.  Aiao  5.5  PP«  polyphoaphate  was  applied  to  Bj.Bj 

run  I,  2  ppm  chestnut  tannin  to  A?  run  III  and  3.5  ppm  cheatnut  tannin  to  C1(C?  run  II'. 

•  120  da.va,  eecept  *l,*2  runa  III  are  102  daya,  run  II  la  90  daya  and  run  III  la  96  daya. 

••I  -  After  r leaning  to  aatal  aurfaca 

AB  -  After  cleaning  to  tl*nt  acala  lurfect  (negative  value  lndlcatea  a  weight  fain  on  aapoaura 

and  raaulta  froai  the  weight  of  tna  acala  and  corroelon  producta  exceeding  tne  ?orroalou  loaa 
of  the  ape. lean.) 

D  -  Total  acala  and  corroalon  producta 

•••  fine  longitudinal  acratcnaa  will  Be  deelgnated  "aiignc"  (aBBrav.  al.)  fine  ecmtclure  and  deflnlta 
(aBBrevlatlon  daf.)  fine  aeratchaa . » roalon  corroalon  vlll  or  graded  slight,  aoae  v  1  conalderaole. 
Indicating  lncraaalng  aarlouaneaa. 
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Table  3.  Pertinent  Data  on  Crevice  and  Galvanic 
Corrosion  Specimens 


mm 

— 

Celvenlc  Corroelon 

■ 

Crevice  Corroaion 

Average 

■ 

Average 

Conper-Gelvenlted 

Site 

Temp. 

EBI 

Added 

Galvanised  120  Day" 

120  Day" 

Run 

#F 

Water 

Kerdnete 

Wm 

KeOH 

PH 

E*" 

AB 

D 

r 

AB 

D 

*1  1 

141 

Soft+CljSO^ 

4 

0 

0 

7.6 

19.4 

4.8 

15.4 

-- 

.. 

.. 

II 

143 

Soft+01 pSO^ 

3 

11 

26 

6.0 

23.3 

6.2 

29e? 

— 

— 

-- 

III 

137 

Blended  Hard+Cl.SO^ 

117 

11 

20 

8.1 

42.0 

8.2 

42.6 

-- 

— 

— 

*2  I 

174 

Soft+Cl.SO,, 

5 

0 

0 

9.9 

0.3 

15.2 

-- 

-- 

-- 

II 

166 

Soft+Cl.SOjj 

4 

20 

26 

24.3 

■31 

36.1 

-- 

-- 

-- 

III 

167 

Blended  Hard+Cl,SOu 

117 

25 

20 

28.6 

55.7 

-- 

-- 

-- 

B1  1 

142 

Herl+Cl.SO,, 

285 

18 

0 

6.0 

9.7 

7.6 

-0.3 

10.0 

II 

140 

Herd +01, 30  ^ 

179 

0 

0 

6.9 

6.6 

2.9 

15.4 

13.6 

2.4 

III 

144 

Herd *01,30^ 

140 

0 

23 

8.0 

32.5 

9.3 

24.6 

ie.8 

7.1 

12.6 

B2  I 

100 

Hard+C^SO^ 

266 

18 

0 

7.8 

6.7 

0.3 

37.7 

9.8 

11.6 

35.7 

II 

176 

Herd+Cl.SOjj 

170 

mm 

0 

7.7 

2.3 

3.9 

14.3 

2.8 

III 

179 

Herd  .Cl, SO,, 

145 

n 

23 

8.0 

22.9 

25.6 

5.3 

28.8 

C1  1 

133 

Soft 

16 

0 

7.6 

18.5 

1.3 

11.7 

II 

143 

Blended  Herd 

62 

21 

8.0 

7,5 

5.8 

0.9 

5.9 

III 

144 

Soft 

10 

37 

8.1 

20.6 

19.0 

15.9 

7.0 

c2  I 

126 

soft 

19 

0 

SHm 

19.5 

17.0 

1C  .6 

1.3 

II 

132 

Blended  Herd 

r 

21 

m 

6.6 

0.6 

7.1 

5.7 

2.8 

III 

135 

Soft 

10 

37 

m 

16.7 

16.2 

14.4 

4.0 

11.5 

D1  1 

132 

Blended  Hard 

71 

0 

7.8 

15.9 

34.6 

24.5 

42.9 

II 

132 

Blended  Herd 

66 

22 

0 

ESI 

29.5 

51.5 

38.3 

17.4 

III 

132 

Blended  Hard 

77 

11 

13 

m 

57.6 

2C.1 

1.0 

47.5 

n2  i 

161 

Blended  Herd 

63 

0 

0 

-2.1 

14.5 

7.6 

-3.3 

15.5 

n 

161 

Blended  Hard 

70 

22 

0 

8.1 

16.2 

■ « -  e 

20.3 

11.0 

0.6 

17.1 

hi 

181 

Blended  Herd 

66 

11 

13 

8.0 

32.3 

19 

45.1 

ie.7 

-4.0 

26.4 

E  I 

144 

Blended  Herd 

54 

0 

13.3 

-2.5 

7.0 

31.7 

7.6 

38.0 

II 

146 

Blended  Herd 

55 

26 

14.2 

1.9 

17.5 

10.6 

7.6 

21.3 

III 

153 

Blended  Herd 

73 

5 

16 

37.0 

-11.8 

55.4 

27  .4 

1.4 

30.0 

•  120  days,  except  run*  III  arc  102  days,  Ci#C?  run  IX  is  90  days  and  run  III  Is  days. 

••  E  -  After  cleaning  to  aetal  surface 

AB  -  After  cleaning  to  tight  scale  surface  (Negative  value  Indicates  a  weight  gain  on  exposure 

and  results  fro*  the  weight  of  the  scale  and  corrosion  products  exceeding  the  fc-roston  loss 
of  the  specimen.) 

0  -  Total  scale  and  corrosion  products 


Table  4.  Analyses  of  Deposits  on  Galvanized  Steel  Specimens 


Composition 

usa 

Aj-II-1 

Bj-I-2 

Emm 

Bj-I-2 

VII*2 

Bg-ni-2 

Cj-I-2 

%  Lot*  on  Ignition 

22.5 

17.9 

23.1 

il.3 

18.6 

20.3 

14.3 

19.4 

21.5 

22.9 

%  Copper  oxide  (CuO) 

0.87 

0.28 

0.06 

0.20 

0.16 

0.19 

0.07 

1.4C 

0.40 

0.79 

%  Iron  oxide  (F«?Oj) 

1.31 

1.88 

2.16 

3.83 

1.39 

3.10 

1.24 

4.17 

'  68 

%  Zinc  oxide  (ZnO) 

74.0 

64.2 

67.4 

21.6 

37.5 

67.0 

14.8 

66.5 

66.6 

71.6 

%  Calcium  oxide  (CeO) 

0.18 

0.06 

0.60 

0.62 

14.6 

0.89 

36.7 

0.70 

0.90 

0.45 

%  Magnesium  oxide 
(HgO) 

0.13 

0.54 

0.83 

19.30 

1.90 

0.77 

3.13 

2.4(- 

1.07 

0.34 

%  Alumina  (AlgO^) 

0.9 

1.3 

0.5 

1.5 

IP9 

1.3 

0.7 

0.7 

t  Carbon  dioxide 
(C02) 

6.7 

5.0 

6.1 

2.1 

B 

7.2 

5.2 

5.5 

7.5 

8.0 

t  Sulfate  (S0U) 

1.5 

ca 

1.2 

1.0 

0.0 

0.8 

1.5 

*  Phosphorus  pentoxlde 

0.12 

H 

0.25 

0.02 

18.8 

0.19 

14.9 

2.43 

0.23 

0.04 

%  silica  (sio2) 

1.66 

m 

6.07 

4o.9 

1.07 

0.35 

1.2G 

3.05 

1.30 

Cospot It ion 

Dj-II-2 

D1-III-2 

Dg-I-2 

Dj-II-2 

Dj-III-2 

E-I-2 

E-II-2 

E-II1-3 

i>  Loss  on  ignition 

23.8 

23.5 

25.1 

19.5 

22.7 

20.4 

17.7 

22.3 

22.9 

21.3 

21.2 

%  Copper  oxide  (CuO) 

0.92 

3.30 

0.19 

0.07 

0.11 

0.11 

0.27 

0.13 

2.20 

2.40 

1.57 

i  Iron  oxide  (F*20^) 

1.36 

2.77 

2.06 

3.26 

1.56 

2.11 

5.30 

5.34 

2.48 

2.00 

2.15 

t  Zinc  oxide  (ZnO) 

73.8 

71.8 

65.0 

57.4 

59.2 

64.2 

57.9 

46.5 

67.7 

63.3 

66.4 

%  Calcium  oxide  (CaO) 

0.16 

0.62 

0.46 

0.92 

4.53 

4.52 

2.53 

7.67 

0.36 

0.35 

0.27 

%  Nagnealus  oxide 
(M«0) 

0.19 

0.41 

0.21 

1.33 

0.96 

0.54 

1.57 

3-52 

0.12 

0.73 

0.7C 

%  Alualna  (AljO^) 

0.6 

1.4 

1.2 

3.5 

2.6 

1.6 

2.9 

0.3 

0.8 

•  Carbon  dioxide 
(COj) 

6.5 

8.7 

8.8 

6.5 

9.2 

7.3 

7.3 

9.2 

7.2 

5.4 

T.k 

%  Sulfate  (S04) 

1.6 

2.3 

0.6 

0.7 

1.4 

1.5 

0.3 

1.2 

0.1 

o.k 

*  Phosphorus  pentoxlde 

<w 

0.01 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oc 

0.10 

0.03 

0.01* 

t  Silica  (SlOj) 

1.14 

1.14 

1.41 

9.88 

. . 1 

5.57 

4.61 

10.4 

11.2 

0.24 

2.44 

?.v 
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Table  5-  Summary  of  Test  Conditions  and  Results 


(a)  Water  Composition,  Treatment  and  Corrosion  Test  Variables 


- pw - 

Hardneae  (aa  C5C07J 

Alkalinity  (at  CaCO^) 

Chloride  (Cl) 

Sulfate  (SO,,) 

Dlaaolved  oxygen 

Carbon  dioxide  (CO.) 
(fron  Alkalinity,  pH) 

Added  elllca  (S10?) 

Added  cauttlc  toda 
(NaOK) 

Added  polyphoa,  (PO,,) 

Added  tannin 

Temp. 

Flow,  ft/tec _ 


(b)  Hypothetical  Combinations  of  Deposits 
on  Galvanized  Steel  Specimens 


T 


Table  5.  Summary  of  Test  Conditions  and  Results  (Continued) 

(a)  Water  Composition,  Treatment  and  Corrosion  Test  Variables 

(Continued) 


- m - 

rprr 

C2-TTI-3 

Dj^-1-2 

T5^TT7 

T^7 

T-TT? 

TTtt-3 

Hardness  (as  CaCO^) 

lb 

10 

71 

bt> 

77 

63 

70 

66 

54  " 

55 

—73 - 

Alkalinity  (as  CaCOj) 

247 

284 

264 

281 

277 

256 

279 

277 

236 

195 

235 

Chloride  (Cl) 

19 

20 

431 

39c 

363 

434 

395 

403 

30 

25 

26 

Sulfate  (S04) 

51 

42 

207 

201 

223 

203 

202 

209 

127 

106 

87 

Dissolved  oxygen 

2.0 

0.5 

6.3 

6.1 

6.8 

1.8 

3.5 

4.4 

5.7 

6.8 

6.? 

Carbon  dioxide  (C0-) 
(from  Alkalinity,  pH) 

10 

4 

6 

3 

3 

7 

4 

5 

7 

2 

2 

Added  silica  (S102) 

0.0 

6.0 

0.0 

22 

11 

0.0 

22 

11 

0.0 

10 

5.0 

Added  caustic  soda 
(NaOH) 

0 

3? 

0 

0 

13 

0 

0 

13 

0 

26 

18 

Added  polyphos.  (PO^) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 

Added  tannin 

0 

3.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Temp. 

133 

135 

132 

132 

132 

161 

181 

181 

144 

146 

153 

Flow,  ft/aec 

-?-S 

5.6 

2.0 

2.0 

2.0 

2.0 

2.0 

2.C 

-P.,5 

3.7 

(b)  Hypothetical  Combinations  of  Deposits 
on  Galvanized  Steel  Specimens  (Continued) 


Basic  zinc  carbonate 
(4Zn0.C02.4H20)» 

64.3 

83.3 

84.3 

58.2 

56.2 

37.1 

53.2 

32.1 

70.3 

52.2 

72.3 

Zinc  oxide  (ZnO)* 

24.1 

8.9 

0.0 

O.C 

6.6 

29.5 

0.0 

6.' 

15.7 

19.5 

Q.Q 

Basic  zinc 

pyroslllcate  hydrate 
(Zn„(0H)2.Sl207.H2O)* 

2.9 

1.9 

3.9 

18.6 

14.4 

9.5 

24.0 

20.6 

0.2 

5.7 

4.1 

%  Calcium  carbonate 
(CaCOj) 

0.3 

1.0 

0.6 

1.6 

8.1 

8.1 

4.5 

13.7 

o.u 

0.5 

0.4 

%  Hydroxyapatite 
(Caio(P°4)6(OH)2) 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.? 

0.; 

0.  . 

%  Magnesium  phosphate 
(Mg3(P0„)2) 

0.0 

o.c 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

e  .< 

Magnesium  silicate 
(MgSlOj) 

0.5 

1.0 

0.5 

3-3 

2.4 

1.3 

3.9 

8  .6 

0.? 

1.0 

It  Magnesium  hydroxide 
(Hg(CH)2) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

0.0 

0.0 

It  Copper  oxide  (CuO) 

0.0 

3.3 

0.2 

o.l 

0.1 

0.1 

0.3 

0. : 

7.2 

?  4 

:  .* 

$  Ferric  oxide  (FejOj) 

1.4 

2.8 

2.1 

3.3 

1.6 

2.1 

5.3 

5.3 

2. A 

7.0 

?.? 

<  Alumina  (AljO^) 

0.6 

1.4 

1.2 

3.5 

2.6 

1.6 

2.4 

— 

o.l 

0.8 

-- 

Water,  organic, 
(unaccounted  for) 

12.7 

_JLi_ 

10.1 

6.4 

7.4 

_ 

2.8 

7 . ! 

11.3 

;  :  ,f. 

•  by  x-ray  diffraction 

••  Silica  ( S 10 j ) :  Dj-I-2  7.5.  Dj-II-2  l.y 
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